This Resource Letter provides a guide to the literature on mesoscopic electron physics of solids. Journal articles, conference proceedings, and books are cited for the following topics: conductance fluctuations in disordered and quantum-chaotic systems, conductance quantization, conduction of a Luttinger liquid, electron noise in mesoscopic devices, mesoscopic superconductivity, electronelectron interactions in mesoscopic systems and the Coulomb blockade phenomenon, and Kondo effect in quantum dots.
I. INTRODUCTION
In most of the commonly used conductors the electric current is carried by electrons. Electrons are elementary particles that have a discrete charge. The electron charge was measured in the seminal experiments of Millikan almost a century ago. Diffraction experiments performed at the dawn of the era of quantum physics also have demonstrated convincingly that an electron propagates as a wave. The wavelength depends on the electron energy, and in some cases may be viewed as the typical ''size'' of an electron. The electron energy varies in the range of a few electron-volts ͑eV͒ in a typical metal to a few milli-electron-volts ͑meV͒ in semiconductor structures used in modern-day electronic devices. The corresponding ''sizes'' range from a few angstroms to a few hundred of angstroms. The particle and wave properties of individual electrons are hardly important in usual electrical wires supplying electricity, say, to light fixtures in a room. The wire width is about 10 million times the size of an electron. After flipping a switch to light a 100-W bulb, we are sending electrons at a rate of about 10 19 particles/s through the wires. Electrons flow through wires like liquid, much like water flows through plumbing pipes. The quality of a piece of wire as a conductor is characterized by its conductance, which is the current passing through the wire divided by the voltage bias applied between the wire ends. The conductance is inversely proportional to the wire length, and scales linearly with its cross-sectional area. The proportionality coefficient, or conductivity, characterizes the material the wire is made of, but not the shape of the wire. One may ask: What happens with this simple scaling law for the conductance when one makes a wire thinner and shorter? It turns out that the scaling law breaks down when the wire size is small enough to allow coherent propagation of an electron across it. For such small objects, conductance reflects not only the average properties of the material, but the specific shape, and even the specific distribution of obstacles for electron motion in a given sample. The fairly new field of physics studying such conductors, tiny enough to allow for coherent electron propagation, but still consisting of a huge ͑typically about 10 10 ͒ number of atoms, is called mesoscopic physics ͑meso here stands for the mentioned intermediate length scale͒. Conductance strongly deviates from the predictions of classical physics for wires with the width of the order of the electron ''size.'' It turns out that the conductance of a wire in these conditions may become quantized in universal, material-independent units of e 2 /h, which are composed from two fundamental constants: electron charge e and Planck constant h. A wire with quantized conductance operates as an electron waveguide.
Extending the above example of a circuit involving a wire, a bulb, and a switch, one may also ask about the operation of a switch when it is made tiny enough. Can a switch dispense electrons one by one? It turns out that this is indeed possible owing to the so-called Coulomb blockade effect. The energy associated with charging of a small conductor by a single electron can be estimated ͑in CGS units͒ as e 2 /L, where L is the linear size of that conductor. For a submicron size L, and at liquid helium temperatures (TՇ4 K), this energy exceeds the thermal energy k B T, and statistical physics allows for a well-defined number of electrons on such a tiny conducting island ͑here k B is the Boltzmann constant͒. Essentially, physics of the charging of an isolated island by discrete electrons is classical electrostatics.
Experimenting with tiny wires and tiny conducting islands where, respectively, the quantum wave and classical particle properties of electrons become evident, accelerated during the 1990s because of the rapid advances in semiconductor nanotechnology. It is now possible to produce small devices that, by adjustment of several control knobs, may ''morph'' continuously from an electron waveguide to an isolated island-a quantum dot carrying a few electrons. These new experiments raise a number of interesting theoretical questions about the fundamental properties of mesoscopic systems, for which simultaneously the particle and wave properties of electrons are important.
The field of mesoscopic physics is rapidly evolving, and the list of topics mentioned is far from being complete and exhaustive. In the presentation of literature, an emphasis is placed on the available review articles. 
II. JOURNALS, BOOKS, CONFERENCE PROCEEDINGS, AND WEB RESOURCE COVERING A VARIETY OF TOPICS IN MESOSCOPIC PHYSICS

A. Journals
B. Major compilations and texts
Of the nine books listed below, the first seven are collections of review articles. These seven volumes are only a few of the many published between 1991 and 1999. The selection gives an idea about the evolution of research subjects in the field of mesoscopic physics. The other two books are the available texts. Although both texts are written by theorists, they provide different perspectives of the field.
C. Conference proceedings
Mesoscopic physics is represented in many regular international and national meetings of a broader scope. Over the past decade there also were numerous specialized meetings devoted solely to various aspects of mesoscopic physics. Many such meetings have published proceedings, examples are Refs. 3-5 above.
In this section, only the latest proceedings of the two major regular international conferences, which traditionally attract a significant portion of the mesoscopic physics community, are quoted: The leading themes of this conference series evolve around the electronic properties of semiconductor heterostructures. The majority of the recent experiments in mesoscopic physics is performed on devices based on heterostructures. That makes these conferences a natural forum for discussing the advances in mesoscopic semiconductor physics.
These international meetings attract a large group of researchers working in the low-temperature physics of normal and superconducting metals. Seminal experiments in mesoscopic physics were performed on submicron metallic wires and grains in the mid-1980s. Later, a number of interesting phenomena were discovered in small-size superconductors and contacts of superconductors with normal metals. A number of topics in mesoscopic physics, such as Coulomb blockade and mesoscopic superconductivity, are represented at the LT conferences.
D. Website
Many papers become available prior to a journal publication through the e-Print archive maintained by the Los Alamos National Laboratory. The archive has a separate subject class, Mesoscopic Systems and Quantum Hall Effect, at the following address:
12. http://www.arXiv.org/list/cond-mat.mes-hall/recent ͑A͒
III. UNIVERSAL CONDUCTANCE FLUCTUATIONS "UCF… IN DISORDERED CONDUCTORS
Phase coherence of the quantum states of conduction electrons in a disordered metal can be preserved over 50-5000 nm. These ''mesoscopic'' distances greatly exceed a single lattice spacing ͑about 0.5 nm͒, but still are much smaller than the size of a conventional macroscopic device. The coherence can produce quantum-interference effects in electrical resistance of a mesoscopic metallic sample. The most striking manifestation of the interference consists in the variation of the sample resistance placed in a fairly weak magnetic field. The pattern of seemingly random variation is specific for a given sample, forming its ''magneto-fingerprint.'' The characteristic amplitude of the conductance ͑i.e., inverse resistance͒ variation does not depend on a specific mesoscopic device, and is of the order e 2 /h, where e and h are the electron charge and the Planck constant, respectively. The random nature of the variations and the universality of their amplitude gave the name to the phenomenon-universal conductance fluctuations, or UCF.
A popular description of the UCF effect can be found in two articles, Along with the dc conductance, other transport and thermodynamic characteristics of small conductors also exhibit mesoscopic fluctuations. I give here only three further examples. First, mesoscopic fluctuations create sample-specific asymmetry of a small junction, which leads to a rectification of an ac current passing through it, 
IV. QUANTUM CHAOS AND MESOSCOPIC CONDUCTANCE FLUCTUATIONS
For the observation of UCF, propagation of electrons across the sample should be coherent, but not necessarily ballistic ͑i.e., electrons can encounter scatterers before reaching the boundaries of the sample͒. In fact, the experiments mentioned in Sec. III were performed with disordered samples, so that the electron mean free path was typically much smaller than the sample size. What happens with the conduction if the electron propagation is ballistic across the sample? It turns out that the universal nature of mesoscopic conductance fluctuations survives, as long as the electron motion within the sample is chaotic, and the sample is ''open,'' i.e., the conductance of contacts to the sample significantly exceeds e 2 /h. The former condition is easily satisfied in samples without spatial symmetries; the results of violation of the latter condition will be discussed later. The UCF, and even the statistical distribution of the values of the conductance in the case of quantum-chaotic motion of electrons, can be found within the phenomenological random matrix theory ͑RMT͒, originally developed for the description of spectra of complex nuclei. For a comprehensive review of RMT approach to quantum transport, see:
29. ''Random-matrix theory of quantum transport,'' C.W.J. Beenakker, Rev.
Mod. Phys. 69, 731-816 ͑1997͒. ͑I͒
The use of RMT can be justified microscopically by using the supersymmetry method. The application of this method to the quantum-chaos problem and its relation to the RMT is discussed in a pedagogical way in the review Experiments on conductance fluctuations in the quantumchaotic regime of electron propagation are performed on quantum dots-small patches of two-dimensional electron gas prepared in semiconductor heterostructures. Because of high electron mobility in heterostructures, it is possible to reach a regime in which the electron mean free path exceeds the size of a quantum dot. In addition, the dots can be made irregularly shaped by a special design of the gates confining the electron gas. The experiments and their relation to the statistical theories of the conductance fluctuations are reviewed in: The above papers consider statistical fluctuations of the dc conductance. These fluctuations can be revealed by studying an ensemble of samples ͑an ensemble may be created by changing the sample's shape, or just by applying magnetic field to a sample͒. Temporal fluctuations-noise-also acquire new features on the mesoscopic scale. There is a very recent review on this subject, It contains up-to-date references to the relevant experimental and theoretical work. Along with the conductance, other electronic characteristics of quantum-chaotic systems also display mesoscopic fluctuations, much like conductors with a relatively short mean free electron path. In addition to the examples of Sec. III ͑see Refs. 19-21͒, here I mention adiabatic pumping of electrons. In a pumping experiment, the potential confining the electrons changes cyclically in time, whereas the bias applied to the device is zero. In each cycle, a certain amount of charge is transferred through the device. The magnitude and even the sign of the pumping current depend on the interference pattern of the electron waves in the quantumchaotic system, and therefore are sensitive to the application of a weak magnetic field. Experimental results and references to the theoretical papers devoted to the adiabatic pumping are presented in 
V. ELECTRON TRANSPORT IN QUANTUM POINT CONTACTS
Soon after the discovery of UCF, the wave properties of an electron in a solid were demonstrated spectacularly in experiments with quantum point contacts. In the first successful experiments, these devices were based on gated GaAs heterostructures. The gates allow one to control the width of a constriction formed in a two-dimensional electron gas. Such a constriction works essentially as a waveguide for the electrons ͑see Sec. I͒. By widening the constriction, it is possible to increase the number of propagating modes one by one. Each additional propagating mode contributes a unit quantum, 2e 2 /h, to the conductance of the constriction ͑this follows from the Landauer formula relating the transmission coefficient and conductance; see, e.g., Refs. 2, 8, 9, and 23 above͒.
Conductance of quantum point contacts formed in GaAs heterostructures by means of gate depletion is described in popular articles, The relation between the quantization of conductance and the geometry of the junction ͑which must be smooth on the scale defined by the Fermi wavelength of the propagating electrons for the quantization to occur͒ was established in the theoretical paper There is no commonly accepted explanation of this feature.
There also are reports of observation of the conductance steps in metallic junctions. The energy separation of transverse modes in a point contact of atomic dimensions is so large that the conductance steps are visible at room temperature. Apparently, the effect is sufficiently robust for reproducing it in a classroom setting, see Furthermore, the magnitude of noise depends on the value of charge of the quasiparticles responsible for the conduction. Theory predicts that in the conditions of the fractional quantum Hall effect, the elementary charges are certain fractions of the electron charge. This prediction was checked successfully in experiments with a point contact formed in a twodimensional electron gas placed in a strong magnetic field: 
VI. INTERACTING ELECTRONS IN NANOWIRES
Electron transport in conductors is conventionally described in terms of Landau quasiparticles forming the Fermi liquid. Unlike the underlying ''real'' electrons, the quasiparticles interact only weakly with each other, and their individual quantum states are characterized by long lifetimes. The Fermi liquid theory, which works remarkably well in higher dimensions, breaks down in one-dimensional conductors. Electron-electron interaction there destroys quasiparticles, and another language, Luttinger liquid theory, is needed to describe the observable properties of one-dimensional conductors. It was predicted that even a single scatterer in a Luttinger liquid brings the conductance down to zero; see Edge states formed at the boundaries of the twodimensional electron gas driven into the regime of the quantum Hall effect by a strong magnetic field provide another important example of a one-dimensional system. A simplified picture for the edge states in the integer quantum Hall effect regime is given in the review article: 
VII. COULOMB BLOCKADE AND CONDUCTANCE OF QUANTUM DOTS
An electron that tunnels between massive leads through a small conductor charges it. If the contacts to the small conductor are weak ͑their conductance is significantly less than e 2 /h͒, then the charge of the conductor is well defined. As was mentioned in Sec. I, at low temperatures T the electrostatic energy E C associated with the charge of one extra electron may prevent the thermally activated hopping of an electron through the small conductor, leading to the Coulomb blockade of tunneling. The role of a small conductor may be played by a metallic island ͑''single-electron box''͒ prepared by e-beam lithography, a small metallic grain, a semiconductor quantum dot, or even by a single large molecule. The main difference between the metallic single-electron boxes and semiconductor quantum dots ͑or smaller metallic grains with sizes in the 30-to 50-nm range͒ is in the value of the typical energy spacing ␦E between closest individual quasiparticle states. In ''single-electron boxes'' ␦E is fairly small, and therefore individual levels cannot be resolved even at sub-1-K temperatures. The main parameter defining the observable properties of a single-electron box is the dimensionless ratio E C /k B T; Coulomb blockade develops at E C /k B T ӷ1. In a semiconductor quantum dot, the level spacing ␦E easily may exceed thermal energy, ␦Eտk B T; in this case, properties of individual quasiparticle states are resolvable in electron transport measurements.
The number of papers devoted to the experimental and theoretical aspects of the Coulomb blockade phenomenon is very substantial and continues to grow rapidly. Luckily there were several comprehensive reviews and popular articles published quite recently; I focus on these two categories of publications in this section.
A popular and instructive description of the Coulomb blockade in single-electron boxes, along with the discussion of their possible device applications, can be found in: The process of charging of tiny metallic box is inevitably associated with the problem of charge spreading in the course of tunneling through a small junction ͑the ''electromagnetic-environment'' effect͒. This effect is reviewed in Further experimental data on the statistical properties of electron transport are presented in review articles.
